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(54) Method for forming a coating by use of foam technique 



(57) A method for coating a surface of a substrate, 
includes providing a substrate having a surface, and 
coating the surface with a foam suspension containing 



a powder suspended in a foam to form a coating on the 
surface. The substrate is then heat treated to densify 
the coating along the surface. 
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Description 



[0001] The invention relates generally to metallurgical 
processes. More specifically, it is directed to coating 
processes for substrates such as turbine engine com- 
ponents. 

[0002J A variety of specially-formulated coatings is of- 
ten used to protect metal parts that are exposed to high 
temperatures, e.g., metal parts made from superalloys 
For example, aluminide coatings are often used to im- 
prove the oxidation- and corrosion-resistance of super- 
alloy materials. In aluminide coatings, the aluminum 
forms an aluminum oxide (alumina) film on its surface 
which functions as a barrier to further oxidation Such 
ccat.ngs may also serve as a bond coat between the 
superalloy suostrate and a thermal barrier coating 
(TBC) y 

[0003] Several processes for depositing aluminide 
layers ae available for both newly formed components 
and components under repair. Such processes include 
vapor phase deposition techniques and what is known 
in the art as the 'pack cementation process.' While vapor 
phase techniques are suitable for coating internal and 
external surfaces of a component, additional processing 
compex.ty may be an issue for certain applications 
While the pack cementation process is effective at coat- 
ing internal surfaces of a component, this process is ex- 
pensive, time consuming, and requires highly special- 
ized equipment, generally requiring the component to 
be shipped from the job site to an outside service pro- 
vider in the case of components under repair. 
[0004] Accordingly, a need exists in the art for further 
improved and alternative methods for forming aluminide 
coatings. 

SUMMARY OF THE INVENTION 

[0005] According to one aspect of the invention a 
method for coating a surface of a substrate includes pro- 
viding a substrate having a surface, and coating the sur- 
face with a foam suspension containing a powder sus- 
pended in a foam to form a coating on the surface The 
substrate is then heat treated to densify the coatina 
along the surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The Figure is a cross-sectional illustration of 
the serpentine cavity used for coating with a foam sus- 
pension. 

DETAILED DESCRIPTION OF THE INVENTION 

[0007] Embodiments of the present invention are 
drawn to methods for coating a substrate, particularly 
methods for forming a coating on an internal surface of 
a substrate. The substrate is typically formed of an alloy, 
and is in the form of a turbine engine component. Ex- 



emplary substrates are formed of superalloy materials 
known for high temperature performance in terms of ten- 
sile strength, creep resistance, oxidation resistance 
and corrosion resistance, for example. The superalloy 
* component is typically formed of a nickel-base or a co- 
balt-base alloy, wherein nickel or cobalt is the single 
greatest element in the superalloy by weight. 
[0008] Illustrative nickel-base superalloys include at 
least about 40 wt% Ni, and at least one component from 
10 the group consisting of cobalt, chromium, aluminum 
tungsten, molybdenum, titanium, and iron. Examples of 
nickel-base superalloys are designated by the trade 
names Inconel®, Nimonic®, Rene® (e.g Rene®80- 
Rene®95, Rene®l42, and Rene®N5 alloys) and 
is Udimet®, and include directionally solidified and single 
crystal superalloys. Illustrative cobalt-base superalloys 
include at least about 30 wt% Co, and at least one com- 
ponent from the group consisting of nickel, chromium, 
aluminum, tungsten, molybdenum, titanium, and iron' 
20 Examples of cobalt-base superalloys are designated by 
the trade names Haynes®, Nozzaloy®, Stellite® and Ul- 
timet®. 

[0009] The term "aluminide" or "aluminide-contain- 
mg" as used herein is meant to include a variety of alu- 
25 minum-containing materials that are typically used in 
coating metal alloys (especially superalloys), or which 
are formed during or after the coating process. Non-lim- 
»tmg examples include aluminum, platinum aluminide 
nickel aluminide, platinum-nickel aluminide, refractory- 
30 doped aluminides, or alloys which contain one or more 
of those compounds. 

[0010] While development of embodiments of the 
present invention have been directed towards coating 
of internal surfaces, both internal and external surfaces 
35 can be coated according to the techniques described 
herein. The term "internal surface" of the substrate de- 
notes a surface or surface portion that is not generally 
exposed to an exterior of the substrate, and is difficult 
to access or manipulate from an exterior of the sub- 
40 strate. While internal surfaces include cavities and pas- 
sageways, typically internal surfaces that are treated ac- 
cording to embodiments of the present invention are 
passageways, elongated openings each having an inlet 
and an outlet. The terms "inlet" and "outlet" denote first 
4 5 and second opposite openings of the passageway The 
terms are relative in that they may be assigned to the 
opposite openings arbitrarily depending on the particu- 
lar perspective and any intended gas flow through the 
passageway during actual use of the component incor- 
50 porating the substrate. The substrate may have a plu- 
rality of internal passageways, such as in the case of an 
airfoil, including buckets, blades, and nozzles, of a tur- 
bine engine. 

[0011] The passageway typically has a high aspect 
5 * ratio, generally not less than 5, and typically not less 
than about 10. According to particular embodiments of 
the present invention, the aspect ratio is not less than 
about 20, such as not less than about 40. The aspect 
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ratio is defined as the ratio of the length of the passage- 
way divided by the minimum cross-sectional dimension 
of the passageway. The passageway may be straight or 
have a curved contour, including complex curved con- 
tours, such as serpentine passageways. In such a case, 
the length of the passageway is defined by the actual 
path length of the passageway, not the straight-line dis- 
tance between the ends (i.e., the inlet and the outlet). 
[0012] The term "minimum cross-sectional dimen- 
sion" denotes the smallest dimension of the passage- 
way in cross-section. In the case of an annular passage- 
way, the minimum cross-sectional dimension is the di- 
ameter of the passageway taken at across section hav- 
ing the smallest cross-sectional area along the entire 
length of the passageway. According to an embodiment 
of the present invention, the internal passageway is gen- 
erally annular, that is. circular in cross-section, and has 
a minimum diameter within a range of about 10 mils to 
about 400 mils. Further, typical internal passageways 
have a length within a range of about 3 inches to about 
30 inches, such as about 6 inches to about 20 inches. 
[001 3] According to an embodiment of the present in- 
vention, a method for forming a coating on the internal 
passageway of a substrate calls for coating a foam sus- 
pension along the internal passageway. The foam sus- 
pension contains a powder suspended in a foam carrier. 
As used herein, the terms "foam carrier" and "foam" 
mean a liquid that forms an aggregation of bubbles. The 
bubbles contain a gas, such as ambient air or carbon 
dioxide. The foam may be formed by agitating or whip- 
ping a liquid, such as an organic resin, to froth the liquid 
into a foam having low density; the actual volume of the 
foam may be on the order of 1 .5 to 1 0 times the volume 
of the base liquid before frothing. Alternatively, the foam 
can be a commercially available product held under 
pressure until use, such as commonly available poly- 
urethane foam sealant. The composition of the foam 
carrier is chosen to ensure substantially complete bum- 
out (volatilization) during a subsequent heat treatment 
step. The foam carrier should also be physically stable, 
that is, hold the original gas volume during the elapsed 
working time, or more preferably, increase in volume fol- 
lowing application onto the internal surface of the sub- 
strate (i.e., self-expanding in ambient air). Such stability 
ensures that uniform distribution of the powder on the 
substrate during the coating process. Potyurethane 
foams meet these criteria, and increase in volume by 
trapping carbon dioxide gases within the polyurethane 
liquid. 

[0014] In one embodiment, a suspension of a foam 
precursor is injected or otherwise coated on the internal 
passageway, followed by expansion of the precursor in- 
to a foam to conforrnafly coat the surface. 
[0015] Typically, the precursor self-expands, such as 
by reaction of the precursor to form trapped gas bub- 
bles. For example, in one embodiment, the precursor 
reacts with water vapor. The powder is typically metallic, 
although in certain applications, a non-metallic powder 



such as a ceramic might be used. According to a partic- 
ular embodiment of the invention, the metallic powder 
is aluminum-based used for forming aluminide coatings 
on turbine engine components. The aluminum powder 

5 typically has an average particle size d 50 within a range 
of about 1 to about 75 microns, such as about 1 to 20 
microns. In one particular example, the powder has an 
average particle size of about 7 microns. The foam sus- 
pension can be loaded with a varying proportion of alu- 

10 minum powder, depending upon the desired rheological 
properties of the foam suspension, coating thickness, 
etc. In one embodiment, the aluminum powder is in a 
slurry suspension prior to mixing with the foam to pre- 
vent unwanted agglomeration when mixed with the 

15 foam carrier. According to one embodiment, the slurry 
contains about 30.0 to about 45.0 wt. % aluminum pow- 
der in an aqueous solution. The slurry may further con- 
tain additional powders such as silicon, within a range 
of about 2.0 to about 8.0 wt. %. In one particular form, 

20 the aqueous solution contains a chromate and a phos- 
phate. More particularly, the slurry contains about 1 .0 to 
about 6.0 wt. % chromate, and about 1 5.0 to about 25.0 
wt. % phosphate. In an alternative embodiment, the slur- 
ry is non-aqueous, containing an organic liquid medium 

25 jn which the metallic powder is suspended rather than 
an aqueous-based liquid medium. Examples of organic 
liquid mediums include toluene, acetone, various xy- 
lenes, alkanes, alkenes, and their derivatives. More typ- 
ically, the aluminum powder is mixed directly with the 

30 foam. The aluminum powder is generally loaded in the 
foam within a range of about 1 to 20 parts by weight with 
respect to 1 0 parts by weight of the foam. 
[0016] The foam may be coated on the internal sur- 
face or surfaces by various techniques. Manual tech- 

35 niques, such as using a syringe-type caulking gun. can 
be used to dispense the foam suspension under pres- 
sure to fill the internal passageway. Typically, the foam 
carrier is mixed with the metal powder to form the foam 
suspension, and the suspension is then loaded into a 

40 dispensing means. Alternatively, the foam carrier and 
the metal powder may be pre-mixed and held in a pres- 
surized vessel. In this case upon opening a valve to the 
ambient air, the foam is then allowed to expand and flow, 
carrying the metal powder suspended therein. Coating 

45 effectiveness may be further enhanced by utilizing a 
foam carrier that increases in volume (more gas volume) 
as a function of temperature and/or time. After dispens- 
ing, a gas flow through the passageway, such as from 
a compressed gas source, is typically carried out to drive 

so the foam into the passageway. In other cases, the pres- 
sure from release of the foam suspension, coupled with 
self-expanding properties of the foam suspension, is 
sufficient to form a conformal coating in the passage- 
way. 

55 [001 7] The particular details of the technique for coat- 
ing a passageway are chosen based on several param- 
eters, including the minimum and maximum cross-sec- 
tional areas of the passageway, length of the passage- 
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way, the desired thickness of the metal-based coating 

viscos ''ty. and other rheological proper- 
ties of the foam suspension. 

[0018] Following coating, the foam suspension is 
dned or cured t0 drjve evaporatjon of the 

of the suspens.cn and form a metal-containing coating 
Drying can be done at room temperature, although an 
eta^BMtempmura can be employed to reduce drying 
time to the order of several minutes. In the case of an 
organic resin foam carrier such as polyurethane, the 

SSDJ" P8nS,0n iS CUred prior t0 further Pressing. 
Drying or cunng can be carried out as part of a sintering 

^batang prooaclure. employing either a slow initial 
ramp-up of temperature or a temperature holdto accom- 
modate drying. 

Smn! 1 if i L he K thiCkn l SS ° f the COatin9 m W be *«««ed 
o modified by suitably adjusting the concentration of 
aluminum powder within the foam carrier, such as within 
about ! to about 20 parts by weight with respect to 10 

f ° am ' A,ternalivel * ^vera. foam 
injections may be carried out to increase the thickness 
of the deposited material. Generally, the injected foam 
|S permitted to outgas between injections, to accommo- 
date the next .njection of foam. In one embodiment fol- 
owmg i each injection, outgassing of the foam is permit- 
ted, followed by heattreatment. By such a process, each 
application of the series of steps (injection, outgassing 
and heat treatment) is effective to increase the coating 
thickness by the approximate value of the original coat 
<ng. For example, three series of steps provides a coat- 

E££ rT r °f Ik 3tely 3 limeS (3X) the initial Sickness. 
Repetition of the steps is advantageous for certain ap- 
pl.cat.ons, such as in the case of forming an aluminide 
coating or a turbine engine component 3 In th^a e 
typically the average thickness is not less than about o 5 
mils, such as about 0.5 mils to about 1 o mils 

£S J?'" 0 k " 9 6ryin9 0r curin 9' ,he substr ate is 
fnn J f h „ ° 8 heat treatment t0 sin,er or ^ke the coat- 
ng thereby densifying the coating. Preferably, the heat 
treatment step forms a conforma. coating, which is ad 

to 2 k ° t r C ° atS substantial, y ^ entirety of the surface 
to which it .s applied, without blocking the internal sur- 
face and having substantial variations in thickness. For 
example, in one embodiment, a conformal coating has 
a thickness that varies within a range such as about o 4 
m\s to about 5.0 mils. This conformal coating is typically 
meta -based, wherein a metal componen. is the single 
greatest component in the coating by weight, or sum of 
several metallic components form the largest weight 
percentage in the coating. Metallic components include 
metallic elements and alloys. An aluminum-base coat- 
ing is preferable for forming a diffusion coating on tur- 
bine engine components. 

[0021] m the case of a resin foam carrier, the resin is 
burned off or volatilized. The heat treatment tempera- 
tore is argely dependent on the particular material of 
he coating, as well as the intended environment of the 
treated substrate. In the case of an organic resin such 



as polyurethane, a temperature on the order of about 
300 to about 600 °C may be used 
SI? 221 , teaPMoiihe heat treatment to bake the coat- 

* be subjected to a diffusion treatment to form a diffusion 
coating more specifically a "high-temperature" alumi- 
nide diffusion coating. Typical diffusion temperatures 
are generally not less than 1600 »F (870 °C) such as 
w Si^SV* about 1800 ° F (982 ° c > ^ about 2100 
Z ! 9 C) . SuCh diffuSion coatinas P™"*> high tem- 
perature oxidation and corrosion resistance to turbine 
components. The elevated temperature causes the alu- 
m.num to melt and diffuse into the underlying substrate 
to form various intermetallics. In the case of a nickel- 

nZc SUP ,H r K IOy SUbStrate ' the aluminum diff ^es and 
bonds with the nickel to form nickel-aluminide coatings 
in some embodiments, a precious metal such as plati- 
num ,s first deposited over the substrate prior to appli- 
20 ?n ,'°?K alumi ™m-based slurry as described here- 
in 'nthscase.thealuminumisdiffusedtoformpiatinum 
227? '""^tallies, as well as nickel aluminide in- 
termetallics and platinum nickel aluminide intermetal- 

25 l° h ° 2 ?i ""If f0 " 0Win9 exam P |es are illustrative, and 
should not be construed to be any sort of limitation on 
the scope of the claimed invention. Use of tubes and 
fixtures in the following examples model internal pas- 
sageways typically found in a substrate such as a tur- 
bine engine component, including airfoils. 

Example I 



EL™ s,urry was mi * e °- w»h 

35 form 'tf ^ hand ln 3 10:10 Wei ° nt ra «0 to 

35 form a foam suspension. The aluminum slurry is avail- 
able under the designation Alseal® 625 from CFI Inc 
The polyurethane foam is commercially available mate-' 

laln S a J' 1 *? ®' 96neralV USed household insu- 
40 r! h h WaS d,s P ensedfr o f " an aerosolcan. Theslur- 
ry had a nominal composition of 37.7 wt% Al, 4 2 wt% 

fo^ o Wt% ° f 3 cnrom ate/phosphate solution. The 

Si in 136 "?" WaS the " injeCted int0 an a,umi ™" 
fixture 0 containing a serpentine cavity 20 having a 

nominal diameter of 1 25 mils and length of 6 inches as 

« shown in the Figure. The foam suspension was aso in 

ete of Ins ITT T ^ ** V ' m 3 nominal diam " 

IZkISZI 1 3 lenQth ° f 6 inChes ' The ser P enti "e 
cavity and the tube were used to model coating behavior 

m a turbine engme component, such as in the passage- 

T y ,! an airf0iL ' njeCti0n was carried out by loading a 
caulking gun with the suspension and squeezing the 
trigger of the gun ,0 eject the foam suspension into the 
cavrty. Observauons of freestanding samples of the 
foam suspension after mixing showed 50 volume % ex- 
« pension in 4 to 6 hours at room temperature. 

0025] The samples were then left undisturbed at 
room temperature for 1 hour to cure the polyurethane 
foam, and then heat treated at 500 °C, thereby voiatil 
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izing and burning-off the pofyurethane. The resultant 
coating had a nominal thickness of about 1 to 1 .5 mils. 
Processing with coating of an actual turbine engine 
component would continue with steps such as high tem- 
perature aluminum diffusion treatment. 

Example 2 

[0026] Several aluminum foam suspensions were 
hand mixed at 10:10, 15:10, and 20:10 weight ratios of 
aluminum powder (15 micron average particle size): 
polyurethane foam. The 10:10 suspension was ob- 
served to expand 100 volume % of its initial, as-mixed 
volume at room temperature in 2 hours. The 15:10 sus- 
pension expanded 30 to 35 volume % at room temper- 
ature in 2 hours. The 20:10 mixture did not exhibit any 
appreciable expansion. 

[0027] The 15:10 foam suspension was injected into 
a stainless steel and Inconel tubes by air injection at 30 
psi. The foam was cured at room temperature for 1 hour. 
Each type of tube was then baked at 300 °C, 400 °C t 
and 500 °C. During each heat treatment, the foam car- 
rier expanded out of the tube and volatilized, leaving be- 
hind an aluminum-based coating having a nominal 
thickness of 1 to 1 .5 mils. 

Example 3 

[0028] The 15:10 foam suspension of Example 2 was 
injected into the serpentine cavity of Example 1 . The 
mixture exhibited conformal expansion along the entire- 
ty of the serpentine surface in 2 hours. 
[0029] The following examples are similar to Exam- 
ples 1 through 3 above, but incorporate the use of an 
activator in the coating. The activator contains a species 
that complexes with the metallic element, generally alu- 
minum, of the foam suspension, and functions to im- 
prove coating uniformity. It is believed that the complex 
containing the metallic element vaporizes during high 
temperature diffusion treatment and deposits along 
coating regions having a relatively low concentration of 
the metallic element. The activator generally includes a 
halide, such as f lourine, chlorine, iodine, bromine, which 
complexes with the metallic element. Particular exam- 
ples of activators include AIF 3 , AICI 3 , NH 4 F, NH 4 l, 
NH 4 CI, NH 4 Br, and NH 4 F.HR These activators form a 
AIX 3 complex, where X is the halide element. The acti- 
vator may also provide a cleansing effect along of the 
surface being treated. The activator is generally added 
at a stage prior to high temperature diffusion treatment, 
such as with the foam suspension or following a bakeout 
step of the foam carrier. 

Example 4 

[0030] A Rene N5 tube, 0.300" ID x 0.050" wall, was 
cut to a length of about 2", and was degreased in iso- 
propyl alcohol ultrasonically for 5 minutes, and then air 



dried. This piece was then preheated on a hot plate to 
a temperature of about 1 00°C. 1 5 g of aluminum powder 
of -400 mesh particle size was mixed with 10 g of poly- 
urethane-based foam of Example 1 . This mixture was 

5 injected into the inside of the tubing at 40 psi using a 
syringe and tip. After being cured for 30 min., during 
which the Al powder/foam mix expands and fills the 
tube, the piece was baked out at 550° C for 2 hours in 
air, yielding a coating of aluminum onto the Internal sur- 

10 face of the tube. A chemical activator was then intro- 
duced into the tube. A solution of 75 g of NH 4 CI was 
dissolved in 250 cc of distilled H20 at 50°C, and injected 
into the tube. Excess solution was drained, and the tube 
was dried at 120 °C leaving a skin of NH 4 CI on the in- 

15 ternal surface of the tube. This piece was then heat 
treated at 2,050°F for 2 hours in argon to make a diffu- 
sion coating. During the heat treatment, the ends of the 
tube were covered with graphite foil to minimize loss of 
the activator. Micrograph ic analysis showed that the ac- 

20 tivator contributed to improvement in the uniformity of 
the coating thickness. 

Example 5 

25 [0031] Another Rene N5 tube was degreased, air 
dried and preheated as before and was injected with alu- 
minum powder and foam mixture containing an activator 
in the following manner. 15 g of aluminum powder of 
-400 mesh size was mixed with 1 0 g of foam as in Ex- 

30 ample 4. Into this mix, 1 .5 g of AIF 3 powder was added 
to serve as chemical activator. This mix was injected into 
the tube, cured and baked out at 550°C for 2 hours in 
air. This piece was then heat treated at 2,050°F for 2 
hours in argon to make a diffusion coating. The ends of 

35 the tube were covered with graphite foil during the heat 
treatment to help contain AIF3 inside the tube. Micro- 
graphic analysis showed that the activator contributed 
to improvement in the uniformity of the coating thick- 
ness. 

40 

Example 6 

[0032] A turbine blade was degreased in isopropyl al- 
cohol for^minutes. air dried, and then was preheated 

^5 to about 100°C on a hot plate, aided by a heat lamp. 15 
g of aluminum powder of -400 mesh size was thoroughly 
mixed with 1 0 g foam and 1 .5 g AIF3 activator. This mix- 
ture was then injected into the three internal passages 
of the blade at 40 psi. To ensure a full coating of all the 

50 passages of this blade, which has turbulated serpentine 
cavities, multiple injections were applied, each lasting 
for 10 seconds: 2 applications for trailing edge (TE) pas- 
sages, 2 for center passages and 3 for the leading edge 
(LE) passages. After a 30-minute cure, the blade was 

55 baked in an oven at 550°C for 2 hours. After the external 
surface was cleaned, the blade was then heat treated 
at 2,050°F for 2 hours in argon to make a diffusion coat- 
ing. Micrographic analysis showed that the activator 
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Example 7 

SSL Another turbi "e blade was degreased as be- 
fore and was preheated to about BO'C. A mixture of alu 
: : 5 P0 * and »m was prepared byto oug y 
S t 9 of ?.T ,num powder of - 4 °0 mesh size with 

ban the 5o aLi n "?* "° WS 8nd expands ^ore readi y 
man the 5 g AI/1 o g foam mix of the previous examples 
One application to each of the passaoe.; aYsn T 
allowed a fu.i coverage of the fnfeS 
this m,x coming through a.l the cooling fiTSK 
30-m.nute cure, the blade was baked at 550 »c for ? 
hours, and then NH 4 c. activator was introduced essen 
hally as ,n Example 4. The blade was dipped in the 30 
/oNH c solution in H 2 0 a few times up and dow, to 
promote full wetting. After draining excess soitto Tthe 
blade was dned at 120«C for about 10 minutes Afte? 
wprng off excess NH 4 C. around moling hoZTe btde 
was diffusion heat treated at 2,050'Ftor 2 hours in ar 
gon. Figure 6 shows a typical micrograph of the coa«na 
which d IS p.ayed a much more uniform coa«nc !£2 s 
and fewer defects than that of the contro. bfadl of Ex * 

Other Examples 

[0034] Aluminum powders of different particle sizes 

wen as on blades, and were found to work in a wav verv 
similar to .100 mesh powder of Examples 4 - 7 " ^ 
ESfi k 0US embodime "ts of this invention have 

not e ; e deeS H ° WSVer ' thiS ^'osure shou d 
not be deemed to be a limitation on the scoDe of th* 
claimed invention. For example, while the Sna Se 
scnpnon describes coating on internal surfaces e ?t e r" 

herein proceeds as described herein The gap S^een 
the moid and the substrate provides an avenue S 
aga -on of the foam or foam precursor. StiChe Z- 
'"cations, adaptations, and alternatives may occur to 

ofThe prelnVc^aimr"" 0 " 1 from "^ 
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30 



35 



9. 



coating the surface with a foam suspension 
contains a powder suspended in a foam to 
form a coating on the surface; and 

The method of claim 2, wherein the internal surface 
srS 3 PaSS39eWay extendi ^ thr -^ 

IStZ^k l° f ° ,aim 1 ' wherein the c ^ting has an 

e^wT^ ° f C ' aim 1 • Wherein the surf ace * coat- 

otTn tn PreCUrS ° r havina the P°**»r sus- 
pended therein, wherein the foam precursor ex- 
pands to form said foam, ^rsor ex 

The method of claim 1 , wherein the substrate com 
pnses an alloy. u"*«<«e com- 



The method of claim 7, wherein the substrate com 
Pnses a turbine engine component. 

The method of claim 8. wherein the turbine enaine 
component is an airfoil, and the inner surfaLTa 
Plurality of internal passageways 



40 



45 



50 



Claims 

providing a substrate having a surface; 



10. The method of claim 1, wherein the powder com- 
poses a metallic powder. 

"' ^ eth0d0f C ' aim 10 ' wherein metallic pow- 
der composes aluminum powder. 

12. The method of claim n , wherein the foam suspen- 
sion contains about 1 to about 20 partsl w^ant 
of said aluminum powder with respect to oZs 
by weight of said foam. parts 

1 3 ' d T e h r e h? s ? d ° f C ' aim 1 1 ' Wherein the a,umi ^ Pow- 

about 1 n aVer " e PartiC ' e Size within a «™g. of 
about 1 .0 mcrons to about 15 microns. 

'6. The mamoaol claim ,, „ nerein , hs heat treatment 
step rs earned ce, at a temperate suffio J,7v» 
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atilize the foam. 

17. The method of claim 16, wherein said temperature 
is within a range on the order of about 300 to about 
600 °C. s 

1 8. The method of claim 1 , wherein the metallic powder 
comprises aluminum, and the method further com- 
prises a step of subjecting the substrate to a high- 
temperature diffusion treatment. 10 

19. A method for coating internal passageways of a tur- 
bine engine component, comprising the steps of: 

providing a turbine engine component having 15 
internal passageways; 

coating the internal passageways with a foam 
suspension containing aluminum powder sus- 
pended in a foam; 

heat treating the foam suspension at a temper- 20 
ature to volatilize the foam to form an alumi- 
num-base coating along the internal passage- 
ways; and 

subjecting the substrate to a diffusion treatment 
to diffuse aluminum into the substrate. 25 

20. The method of claim 1 9, wherein the diffusion treat- 
ment is carried out at a temperature of not less than 
870 °C. 

30 

21 . The method of claim 1 9, wherein the foam compris- 
es an organic resin which is self-expanding. 
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